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Specification 

1 . Title of the Invention 

Halftone display method for electrophoresis displays. 

2. Scope of Patent Claims 

A halftone display method for electrophoresis displays characterized by the fact that a plurality of micropixel pieces 
comprising a dispersion system for electrophoresis display are gathered to construct one pixel, a plurality of which 
are arranged in a matrix shape, and each of the pixels displays halftones by combining the bright and dark states of 
the micro-pixel pieces. 

3. Detailed Explanation of the Invention 

The present invention relates to a halftone display method for electrophoresis displays, and has a its objective to 
realize a simple and multiple-grayscale halftone display. 

Microscopic solid particles dispersed in a liquid have an electric dual layer formed on the boundary of the liquid 
phase and the solid phase, the microscopic solid particles normally being positively or negatively charged. If an 
electric field is charged in such a state, the charged microscopic solid particles are moved in the liquid by the electric 
field. The phenomenon of charged particles dispersed in a liquid moving in the liquid by receiving the action of an 
electric field is called electrophoresis, and has been known for a long time. An electrophoresis display is a 
reflection-type display utilizing this phenomenon. 

In a conventional electrophoresis display, utilized is a fact that when a voltage is charged to a dispersion system for 
an electrophoresis display between a pair of electrodes, at least one of which is transparent, the color of the 
reflection of the dispersion system changes as a result of the electrophoresis. Such an electrophoresis display was 
described in the electronics joumal "Electronics" Vol. 16, No. 1, pages 33-36, and it is well known that it is possible 
to display numbers, characters, figures, etc. by configuring the electric field in an appropriate shape. The display 
color in this device is mainly determined by the colors of a colored liquid dispersion medium and pigment particles 
constituting the dispersion system for the electrophoresis display. For example, when using a dispersion system in 
which white pigment particles are dispersed in a black liquid dispersion medium colored with a dye, the display 
color becomes black or white color. Displaying their halftones is then realized by a method of charging a voltage of 
an appropriate frequency or varying the voltage charged. However, in such a method, the number of displayable 
grayscales is small, making it difficult to display images with grayscales rich in variation. 

The electrophoresis display of the present invention is constituted of an electrophoresis matrix-shape display panel 
and its driving device. Each pixel of the matrix-shape panel comprises a plurality of micropixel pieces, and the 
hght-reflecting area, namely the reflected light intensity of each pixel, is varied according to signals by combining 
the bright and dark states of the micropixel pieces, realizing visual halftones with a phenomenon similar to that of 
dot photos in printing, etc. 



Shown in Fig. 1 is the matrix-shape display panel. In tlie figure, 1 and 2 are glass substrates, 3 is a spacer, and 4 and 
5 are the X electrode group Xi, . . . , Xm, and the Y electrode group Yi, . . . , Ym. 

The X electi'ode group and the Y electrode group intersect with each other perpendicularly, maintaining an electrode 
interval of normally 50'-'100 )j.m by a spacer 3, between which an electrophoresis display dispersion system 6 is 
injected and sealed. At least one of the X electrode group and Y electrode group, for example the X electrode group, 
needs to be transparent, and is made in the shape of parallel bands by photo-etching tin oxide or indium oxide 
attached to the glass substrate 1 . The other electrode group, for example the Y electrode group, may be constituted 
as an opaque electrode group by vapor deposition or printing aluminum on the glass substrate 2. It is assumed, for 
example, in the electrophoresis display dispersion system 6 that white pigment particles such as titaniimi oxide are 
dispersed in a black liquid dispersion medium dyed wdth a dye and that the white pigment paiticles are positively 
charged. In order for the white pigment particles to prevent precipitation and condensation in the liquid dispersion 
medium, it is desirable that their surfaces be coated with a resin etc., making the relative specific gravity the same as 
the specific gravity of the liquid dispersion medium. 

An electrophoresis matrix-shape display panel made in this way has a pixel formed in each position of intersections 
between the X electrode group and the Y electrode group. If it is assumed that a voltage is charged between a pair 
of X and Y electrodes, Xj and Yj, so that the Yj electrode becomes positive and the X, electrode negative, positively- 
charged white pigment particles in the pixel Pij section have electrophoresis toward the direction of the Xi electrode 
and eventually adhere there. In this state, because the display color of the pixel Py section seen from the transparent 
X electrode side looks white, which indicates that it has been written in the bright state. Conversely, if a voltage is 
charged in the opposite direction, because the white pigment particles have electrophoresis in the Yj electrode 
direction and are hidden by the black liquid dispersion medium, the display color of the pixel Pjj section looks black, 
which indicates that it has been erased into the daik state. In this way, the bright state is written to or erased from 
the pixel Py depending on a positive or negative signal voltage. In either case, because each white pigment particle 
which is once adhered to an electrode will stay there for a long time, even after the voltage is removed, the display 
state of bright or dark is memorized as it is. 

In this matrix-shape display, panel, each pixel is further constituted of a plurality of micropixel pieces, the.details of . 
which are shown in Fig. 2. Here, micropixel pieces Pn, P^, P2h and P22 are formed by two X electrodes, Xii and Xi2 
and two Y electrodes, Yji and Yj2 at their intersections, and one pixel P^ is constituted of these four micropixel 
pieces. When write signals and erase signals are charged through two electrodes, each of X and Y, the bright/dark 
states of the four micropixel pieces change, and the reflected light intensity from the pixel is approximately 
proportional to the collective area of the micropixel pieces in the bright state. By arranging a large number of such 
pixels in a matrix shape at a high density and controlling the intensity of reflected light from each pixel according to 
the signal voltage, multiple stages of halftone can be obtained. 

In Fig. 2a, four micropixel pieces are formed with the same area, and five stages of grayscale can be displayed by 
combinations of the bright/dark states of these micropixel pieces. Displaying more stages of grayscale becomes 
possible by giving real weight to the micropixel pieces rather than forming them with the same area, having them 
approach the visual characteristics of the human eye. Shown in Figs. 2b and 2a are examples of forming the area 
ratios of the micropixel pieces as 1 :2:2:4 and 1 :2:4:8 by changing the widths and shapes of the X and Y electrodes. 
Grayscale display of 10 stages is possible with the configuration in Fig. 2b, and that of 16 stages in Fig. 2a. 



Although shown in Fig. 2 are examples wherein the pixel comprises four micropixel pieces, and the shape of the 
smallest pixel piece is square or rectangle, the present invention is not limited to tliese. 

Figure 3 is a block diagram for displaying images containing halftone using the electrophoresis matrix-shape display 
panel. In the figure, indicated as 1 1 is a matrix-shape display panel, wherein each pixel is constituted of four 
micropixel pieces of two X electrodes Xii and Xi2 and two Y electrodes Yji and Yj2 as shown in Fig. 2. Indicated as 
12 and 13 are electrode sel^tion/dnving circuit for the X axis and the Y axis, respectively, in which 14 is an image 
signal generation circuit which generates a necessary image signal for displaying onto the matrix-shape display 
panel 1 1 , and 1 5 is a control signal generation circuit for generating control signals such as the X synchronization 
signal and the Y synchronization signal necessary for displaying according to the image signal. 

In the X electrode selection/driving circuit 12, X electrodes to be scanned is selected in order from Xu in 
synchronization with the X synchronization signal generated in the control signal generation circuit. For example, , 
when an electrode Xii is scanned, an X driving pulse signal as shown in Fig. 4a is supplied to the electrode Xji by 
the corresponding erasure and write driving circuit Eii and Wii. On the other hand, in the Y electrode 
selection/driving circuit 13, a Y electrode to be scanned is selected according to the image signal from the image 
signal generation circuit 14 and the Y synchronization signal from the control signal generation circuit 15. For 
example, when an electrode Yji is scarmed, a Y driving pulse signal as shown in Fig. 4b is supplied to ah electrode 
Yji from the Y electrode selection/driving circuit 13. 

The X driving pulse signal comprises an erase pulse Pi and a write pulse P2 as shown in Fig. 4a, and their amplitude 
ratio is set to 2; 1 for example, and their polarities are opposite to each other. Also, as shown in Fig. 4b, the Y 
driving pulse signal is superimposed with a Y write pulse P3 which synchronizes and has the same polarity of 
amphtude with the X write pulse of the X driving pulse when displaying a bright state, and no Y write pulse is 
contained when displaying a dark state. While both X and Y driving pulses are supplied at the same time to a 
micropixel piece to be scanned, first an erase action is performed by the erase pulse to a dark state once, and 
subsequently a write action to a bright state is performed by the write pulse. No write action is performed on the 
micropixel pieces displaying a dark state. The bright state and dark state of scanned micropixel pieces are retained 
by the memory characteristic mentioned, above until another scan is performed. In, this way, micropixel pieces of the . 
matrix-shape display panel are scanned in order from the upper left toward the lower right to complete a frame scan 
of all pixels. Although stated above is the dot-sequential scan similar to the case of television image display using a 
cathode-ray tube, the fact that the line-sequential scan and the random scan are also possible is similar to the case of 
other matrix-shape display panels such as EL and plasma. Because electrophoresis matrix-shape display panels are 
superior in memory characteristics, power consumption can be reduced by scanning just one frame only when the 
image is updated and otherwise performing display by the memory frmction without scanning. 

As explained above, according to the halftone display method for the electrophoresis display of the present invention, 
because it employs a matrix-shape display panel having pixels comprising a plurahty of micropixel pieces, and 
because the reflection intensity of each pixel is controlled by a combination of bright and dark states of the 
micropixel pieces, multiple-stage grayscale display is possible, and fiirther giving real weight to the micropixel 
pieces allows a grayscale display of even more stages which is consistent with the visual characteristics of the 
human eye. Also, because each pixel needs only a binary action of bright and dark states, there are advantages such 



that the scan driving circuit can be constituted relatively simple with only a digital circuit, making it easy to convert 
the circuit into an IC, tlius its practical effect is large. 



4. Brief Explanation of the Drawings 

Figure 1 is an essential-part cut-out constitution figure of the electrophoresis matrix-shape display panel. 

Fig. 2 a, b, c similarly show constitution examples of the pixel with micropixel pieces of the panel. 

Fig. 3 is a scan driving block diagram by the halftone display method for electrophoresis displays of the present 
invention, and Fig. 4 is a waveform diagram showing X and Y driving pulse signals in the same display method. 
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